Abstract-We present a very efficient approach for insulators detection. Unlike previous texture-based approach, we directly search insulators location in the images by using Profile projection. For overcoming the negative effect of image noise on object detection, we preprocess insulators image by thresholding method. To make insulators detection more effective and efficient, we design a tilt correction method based on principal component analysis. The correction enables our method to derive accurate feature extraction curve from insulators image, then we extract five features from the feature curve, which are related to the number of binary sequence and the normalized variance of the binary sequence length. After obtaining the insulators feature from an image, we apply SVM to identify insulators with the five features. Some experiments on video frame images show that our approach significantly outperforms the state-of-the-art in term of both accuracy and efficiency.
INTRODUCTION
Insulators play an important role in power system safe operation. With the scale of power grid enlarging rapidly, traditional insulators detection methods based on infrared image and ultraviolet image are far from to meet the growing demand, due to the vulnerability to bad weather and expensive prices [1, 2, 3] . In this paper, we obtain insulators video by using high resolution CCD mounted on the UAV (Unmanned Aerial Vehicle), then we find insulators location in the video frame images with Profile projection method and recognize the Insulators image with SVM algorithm. The advantage of our method is its stability and robustness even if working on noisy image.
The rest of this paper is as follows. Section 2 describes insulators positioning algorithm based on profile projection and insulators direction correction algorithm based on the principal component analysis. Section 3 presents representation of extracted feature and insulators recognition method based on Support Vector Machine (SVM) algorithm and section 4 illustrates several applications of this framework to real video data.
II. INSULATORS POSITIONING AND TILT CORRECTION

A. Image Preprocessing
In order to reduce amount of computation, original RGB images from CCD are converted to gray-scale images. Two methods that we choose are conversion equation or replacing the gray-scale image with a special channel image. In this paper, we apply the B channel image which relates to the spectral response curve of our CCD. After graying operation, we converted the gray-scale image to a binary image with Otsu algorithm which is a classic non-parametric unsupervised adaptive threshold method. The equation of Otsu algorithm is performed as 2 2
where t is a segmentation threshold parameter, P is the pixel value mean of the image, ( ) f i j are respectively defined as the binary image pixel value and the gray-scale image pixel value in i-th row and j-th column. The result is shown as in Fig. 1 .
B. Insulator Positioning
Positioning is the premise of target detection [4] . In this paper, we apply profile projection method to search the insulator location [5] .
The equation of horizontal profile projection for the binary image can be performed as
where n is columns of ( , ) As shown in Fig. 2 , the projection curve of an insulator image has a convex peak with certain width. The border of the convex peak roughly represents the upper and lower boundaries of the insulator image. However, due to interfere from noise and other factors, other convex peaks also exist in projection image. To solve this problem, we use multithreshold segmentation method to find the upper and lower boundaries of the insulator image. The original threshold is given as
where m is rows of the image. We binarize the projection curve with the original threshold and find the location of the longest sequence which value is 1, the location is range from , with it, we can find the location of the longest sequence described as min max
is true for all j, we respectively choose min1 v and max1 v as the upper and lower bounds of the insulator, otherwise, we set the projection curve value between min1 v and max1 v to 0 and rerun the above iterative process until (6) is true.
After setting the pixel value outside of the upper and lower bounds to 0, we define integral equation of vertical profile projection as
where ( ) P V k is vertical profile projection value of the image. As shown in Fig. 3 , the insulators image approximately is a tilt line. We find the insulators location by applying linear fitting method, then set the pixel value outside of the location to 0. 
C. Tilt Correction
As shown in Fig. 1(b) , a tilt angle exists between insulators main direction and horizontal direction, it is bad to extraction of statistic feature [6] . Therefore tilt correction is a necessary step. In this paper, we apply principal component analysis for tilt correction which consists of two steps that are finding the main direction of the target and rotating target to horizontal direction.
Given a matrix 
III. FEATURE EXTRACTION AND OBJECT DETECTION
A. Feature Extraction
Features are commonly used in image recognition including color feature, texture feature, shape feature, spatial relation feature [7] . In this paper, we derive shape feature from vertical profile projection curve. The curve can be binarized by threshold described as 
,which value increases with j. In order to improve robustness of feature extraction, we add all binary curve together, and then binarize the sum curve. The feature extraction curve is shown as Fig. 5 , where 'a' is the sequence which value is 1, 'b' is the sequence which value is 0. We define five features from the feature extraction curve, which are the number of sequence similar to 'a', the number of sequence similar to 'b', the normalized variance of all the sequence similar to 'a', the normalized variance of all the sequence similar to 'b' and the quotient between the total number of sequence similar to 'a' and the total number of sequence similar to 'b'. 
B. Insulator Recognition
SVM is a learning algorithm based on VC-dimensional theory of statistical learning and structural risk minimization principle. We apply SVM to identify the insulator by inputting the above eigenvectors from the feature curve and outputting a number which value derive from the formula 
IV. EXPERIMENTAL RESULT
We illustrate the strength of proposed method using two groups of sample images. The first group sample images consist of 288 images in which 159 images include insulator and 129 images are not.
As shown in Fig. 6(a) , Fig. 7(a) , Fig. 8(a) , Fig. 9 (a) and Fig. 10(a) , the proposed insulator positioning method is robust against different disadvantage. The insulator recognition method proposed in this paper is also insensitive to occlusion, double insulators and complex background.
As shown in Fig. 6(a) , the image in red box from two insulators which are so close that we are unable to segment apart from each other. However, the image in box can be detected as an insulator due to the fact that the features from the curve in Fig. 6(b) accurately describe an insulator. Although the image in Fig. 7(a) and Fig. 8(a) are severely destroyed by complex background, the feature curve in Fig.  7(b) and Fig. 8(b) are less affected, it has no effect on the insulator recognition.
The occlusion from transmission tower and transmission lines as shown in Fig. 9(a) and Fig. 10(a) destructs the shape of insulator, the feature curve in Fig. 9(b) and Fig. 10 The second group sample images consist of 637 images in which 461 images include insulators and 176 images are not. As shown in Fig. 11(a) , the change of tilt angle is negligible to insulators positioning and recognition.
Insulators detection rate of our proposed method is shown in table 1, where NO.1 and NO.3 from positive samples, NO.2 and NO.4 from negative samples. V. CONCLUSION We have proposed a new approach for insulator detection. With the profile projection method, we find the location of the insulators. Based on the statistical properties of the insulator shape feature, we apply SVM to recognize the insulators. The experiments show that the proposed method is a fast and stable online insulator recognition method. 
